This paper uses Theil's (1979) entropy-based measure of inequality and farm-level data to examine changes in farm business wealth (farm equity) of farm households. The farms associated with farm households are grouped by state into ten regions of the United States. The Theil entropy measure is then calculated and used to decompose total inequality of farm wealth into within-state and across-states (between states) inequalities for each region. Results show that since the enactment of the 1996 Federal Agricultural Improvement and Reform (FAIR) Act, inequality in farm wealth among farms within a state has decreased relative to the number of farms per state, across all regions. Further, most of the reduction in farm wealth inequality is attributed to increased equality in the distribution of real estate assets of the farm households, a major component of farm wealth.
This study analyzes changes in the distribution of farm household wealth from 1996 through 2004 using the Theil (1967) measure of inequality and farm-level data from the Agricultural Resource Management Survey (ARMS). This study also measures inequality in farm assets, particularly real estate and non real estate assets, since farm assets are a major component of farm wealth (Mishra et al. 2002) . The Theil inequality measure allows for the decomposition of total inequality into variation between farms within each state as well as variation between average farms across states in each region. Study results indicate that inequality in farm household wealth declined from 1996 through 2004. The results reveal that most of the reduction in inequality occurred between farms within the states, across all regions. However, inequality in farm wealth within each state remained much greater than the range in inequality between the average farms across states in each region.
Over the past quarter-century the economic literature has been inundated with studies on changes in income inequality. Most of these studies support the convergence of income across countries. This convergence has been attributed to many factors including increased international trade, capital movement, technological spillover, and innovations in institutional design. At the same time changes in inequality within countries have been ambiguous. According to some studies the income inequality for the developed economies of the United States and Western Europe actually increased in the 1980s. Further, the textbook paradigm that increased inequality encourages income growth was also contradicted by several empirical studies.
Apart from a general interest in the effect of agricultural income inequality as a component of the general economy, several policy questions particular to the agricultural sector motivate the examination of the dispersion of income and wealth across farm households. First, while it would be difficult to argue that society has a preference for more equal income distribution in agriculture, society may prefer that farm payments have specific effects on farm size. At the very least, from a policy perspective, government policies should not distort the distribution of farm size. However, some may prefer that the majority of farm payments go to so-called family farms. These concerns were addressed by Leuthold (1969) , who examined the distribution of farm payments across farm sizes. Second, the distribution of farm income may have implications for the efficacy of the government safety net. As stated by Ahearn, Johnson, and Strickland (1985) , income maintenance has always been a policy goal, but the heterogeneity of farm households masks the true variability of farm income.
Much of the literature has focused on changes in the dispersion or inequality of income. This study instead focuses on the inequality of farm household wealth for three reasons. First, studies suggest that wealth is actually the mechanism that provides for economic growth. Second, given equal access to capital markets, wealth is actually a better measure of differences in consumption than income. Finally, income for the farm household can be mathematically defined as the rate of return to equity multiplied by the amount of wealth controlled by the household. Each of these linkages between the economic well-being of the farm household and farm household wealth can be demonstrated using the optimal debt model presented by Ramirez, Moss, and Boggess (1997) . Ramirez, Moss, and Boggess (1997) model the optimal debt level for a farm household using an extension of Merton's (1969) lifetime portfolio specification. In this formulation, farm households determine the level of debt that maximizes the present value of expected utility. Following Merton's formulation, they assume that farmers choose the level of debt (or leverage position) to maximize the expected utility, which they model using the power function
where U(⋅) denotes utility, C(t) denotes consumption at time t, and b denotes the relative risk-aversion coefficient. Consumption is constrained by an equation of motion for farmer equity, defined as
where dE(t) denotes the continuous change in the farmer's equity, E(t) is the farmer's equity, R E (t)
is the rate of return on equity, and dt is the increment in time. Expanding the rate of return on equity, change in equity can be expressed as
where R A (t) is the rate of return on agricultural assets, K(t) is the cost of debt capital, and δ(t) is the debt-to-asset ratio. Ramirez, Moss, and Boggess derive the optimal level of farm debt, proportion of equity consumed, and the level of consumption as functions of risk aversion, mean and variance of the rate of return on agricultural assets, and the cost of debt capital,
, and D * (t) represent the optimum debt-to-asset ratio, consumption, and percent of equity consumed in period t, µ A (t) is the expected rate of return on assets in period t, 2 ( ) A t σ is the variance of the rate of return on assets in period t, and r is a consumption-based discount rate (assumed constant over time). Thus, the dispersion of farm consumption is dependent (in part) on the distribution of farm equity.
Equation 4 can be extended to incorporate several different policy concerns. For example, the economic well-being of farmers in the United States is dependent not only on returns to agricultural assets, but also on the possibility of off-farm employment. Thus, equation 4 can be reformulated as
where R O (t) is the return to off-farm employment. Further, the rate of return on agricultural assets (R A (t)) is affected by government program payments as well as factors such as urban pressures that increase the price of farmland over time (Livanis et al. 2006 ). This conceptual model helps explain why the size distribution of the wealth of farm households changes and why the size distribution of wealth varies across farm households cross-sectionally and over time.
Informational Measures of Inequality
A variety of measures have been used to measure the dispersion of inequality of economic wellbeing in the farm sector (i.e., the coefficient of variation, Gini coefficients, and Lorenz curves). This study departs from these formulations, applying Theil's measure of inequality (Theil 1979) . This approach has several theoretical advantages and allows for the decomposition of the dispersion into within and between-state measures in a given region. This section first presents Theil's measure of inequality and describes how the measure can be used to decompose the overall inequality into among-farms-in-a-state and between-state measures of inequality. We then discuss the advantages of this measure. Building on the general concept of Shannon (1948) information or entropy, the KullbackLeibler relative entropy is defined as
is a measure of the difference (or distance) between the two probability measures, and p (x) and q (x) are probability measures defined on x. The discrete form of this measure becomes
In our applications we want to examine a uniform distribution of wealth against an empirical distribution of wealth:
This measure is sometimes referred to as the relative entropy in the signal. Theil's measure of income inequality is an adaptation of the discrete form of the relative difference measure presented in Equation 7:
where I ( p, q) is the measure of inequality (or dispersion) of income, p i is the share of income 1 in state or region i, and q i is the share of the overall population in that state or region. Adapting this procedure to examine the inequality in farm wealth, we let p i be the share of farm wealth in state i and q i be the share of farmers in state i. I ( p, q) is then defined as the dispersion of farm equity. If the share of the number of farms is close to the share of farm equity, then there is little additional information and the information inequality is small. A small inequality means that the distribution of farm wealth, per farm, is uniform across states, and thus the value of I ( p, q) approaches 0. Conversely, an increase in the information inequality indicates divergence in farm wealth across the states.
An important aspect of the Theil measure of inequality is its decomposability. To develop this decomposability we divide the overall inequality in Equation 9 into two groups: 
Defining the average inequality within each group, i.e., inequality between farms in each state, as
, and the inequality between groups, i.e., inequality between states, as
we are left with the decomposition of the inequality measure in a given region as (14)
Letting p i equal firm-level wealth (instead of stateor regional-level wealth) and q i =1/N 1 if i∈G 1 or q i =1/N 2 if i∈G 2 (e.g., N 1 is the number of farms in group G 1 and N 2 is the number of farms in group G 2 ), the decomposability of the inequality measure in Equation 14 can be expanded to the firm level as ( states that total inequality in a given region is composed of inequality within farms in a state and between states.
As previously stated, a number of inequality measures have been proposed, including the coefficient of variation, Lorenz curves, and Gini coefficients. Given this diversity, it behooves the researcher to justify the choice of inequality measure. To justify our application of the Theil inequality measure, we rely on the axiomatic characteristics developed by Foster (1983) , particularly those emphasizing the role of decomposability of inequality. Foster develops four criteria for measuring inequality: (i) the Pigou-Dalton transfer principle, (ii) symmetry, (iii) homogeneity, and (iv) the population principle.
The Pigou-Dalton transfer principle states that the measure of income inequality must increase if income is taken from a poorer individual and given to a richer individual. This principle would appear fundamental to the concept of equality underlying equity measurement, and further support for it can be found in Atkinson (1970) .
The principles of symmetry and homogeneity denote somewhat different concepts in inequality measurement than those found in consumption and production theory. In the measurement of inequality the symmetry criterion states that the inequality measure is unchanged when two individuals trade places (or income levels). The homogeneity criterion states that only relative income dispersion matters (i.e., multiplying all incomes by the same proportion does not change the level of inequality).
While several inequality measures meet the first three criteria (the Pigou-Dalton principle, symmetry, and homogeneity), Foster (1983) shows that the Theil measure of inequality alone satisfies the population principle. The population principle states that replicating the sample (i.e., adding a second dataset with an identical income distribution) should result in no change in the inequality measure. Foster (1983) Hence, given our interest in the inequality of farm wealth within various farms in a state and states within a region, the most appropriate measure of inequality is that proposed by Theil.
Data
The financial accounting concept defines the elements of financial statements for business enterprises and households.
2 Based on Farm Financial Standards Task Force recommendations, the sources of farm assets include (i) real estate, (ii) farm equipment, (iii) other financial assets (such as investment in cooperatives, prepaid insurance, etc.), and (iv) other assets (such as breeding stock, crop and livestock inventory, purchased inputs, etc.). Sources of farm debt include (i) real estate, (ii) non real estate, (iii) short-term debt (includes loans less than one year, accrued interest, accounts payable, and the current portion of term debt), and (iv) long-term debt (includes noncurrent real and non real estate debt). The Agricultural Resource Management Survey (ARMS) of the U.S. Department of Agriculture (USDA) collects farm-level data on, in addition to other information, all the elements necessary to construct total wealth and total debt for the farm business.
Annual ARMS data from 1996, 2000, and 2004 3 are used in this study. This period represents the period after the enactment of the Federal Agricultural Improvement and Reform (FAIR) Act of 1996 and includes observations under the Farm Security and Rural Investment (FSRI) Act of 2002. ARMS is conducted annually by the Economic Research Service and the National Agricultural Statistics Service. It is the primary source of information about the financial condition and economic well-being of farm businesses and of farm households in the United States, and includes data on all the components of farm assets and debt of the farm business. Farm wealth or the equity of farm households is derived in ARMS by subtracting total farm debts from total farm assets.
ARMS uses a multi-phase sampling design and allows each sampled farm to represent a number of farms that are similar, that number being the survey expansion factor (see Kott 1998 and Dubman 2000 for more technical detail). The expansion factor, in turn, is defined as the inverse of the probability of the surveyed farm being selected. The expansion factor can also be referred to as the observation's weight. Each version of ARMS has a unique expansion factor that expands the sample to the target population. ARMS collects data to measure the financial conditions (farm income and expenses) and operating characteristics of farm businesses, the cost of producing agricultural commodities, and the wellbeing of farm operator households. It is important to point out that ARMS is not a longitudinal database. Each year different farms are surveyed, and with weighting schemes the number of farms add up to the U.S. total.
The distribution of farms using ARMS data based on reported farm business wealth categories 4 highlights changes in the spatial and temporal distribution of farm wealth. (Table 1) . Figure 2 shows the distribution of farms for selected regions and years. One can draw two inferences from this figure. First, across all re-gions, the percentage of farms in the $250,000 or more wealth categories has increased and the distribution of farms in the lower wealth classes ($50,000 or less) has remained relatively stable over the same time period. Second, the share of farms in the largest wealth category ($1 million or more) is highest in the Pacific region, followed by the Corn Belt and Southeast regions. Further, the figure also shows that an increase in the percentage of farms in the largest wealth category for the Pacific, Corn Belt, and Southeast regions has been accompanied by decreases in the percentage of farms in the $100,000-$249,999 and $50,000-$99,999 wealth categories. These findings are consistent with El-Osta and Morehart's (2002) study of wealth concentration in U.S agriculture. Table 1 shows the mean farm wealth of farm households in various wealth categories for selected regions and years using ARMS micro-level data. These results illustrate the range of variation within a region between years in the selected wealth categories and within a wealth category between regions in each year, and the patterns of differences within a wealth category across regions over time. The table shows that average farm wealth varies within a region and over time. Table 2 presents the importance of each component (farms within a state and between states) of total inequality in terms of the Theil measure of inequality. In general the results indicate that the distribution of farm wealth changed significantly from 1996 through 2004. Inequality between farms in a state contributed the most, about 95-99 percent, to the total inequality. A similar pattern is observed in all ten regions of the United States. This finding is consistent with the fact that there is considerable variability in farm size, farm assets (real estate, mainly land, and non real estate assets, mainly crop and livestock inventories), and farm debt among farms in a state. Further, aggregation of farms at the state level reduces the variability in the components of wealth and hence reduces the level of inequality in farm wealth when comparing farms within different states and within a given region. Table 2 shows that total farm-level inequality, across all regions, has decreased over the period 1996-2004. The highest level of total inequality (8.132) was observed in 1996 for farms located in the states belonging to the Southern Plains region, followed by that for farms located in the states belonging to the Northern Plains and Appalachian regions. This reduction is mainly due to a significant reduction in the inequality in farmland values across farms located in these states and eventually across states in the region. Further, the general trend for nearly all regions is that both real estate and non real estate assets became more equally distributed since most relative changes from the previous years (1996 and 2000) are negative (Tables 3 and 4) . In general, farmland values reflect farm investors' expectations about future discounted returns both from the market and from government payments on base acres. The FAIR Act of 1996 generally lowered the market price and output distortions introduced by government price support programs. As a result, producers could and did respond more and more to market-based price signals. For example, although the distributions of real estate and non real estate assets became somewhat more unequally distributed in 2000 than in 1996, these distributions became more equally distributed in 2004 versus 2000. However, in the Northern Plains, these distributions became more equally distributed much sooner, beginning in 2000. This may be due to the fact that adjusting the crop mix in the Corn Belt might be easier to do since it largely involves only changing rotations. Some Northern Plains farmers Source: Authors' calculations using ARMS data (USDA, various years). Source: Authors' calculations using ARMS data (USDA, various years).
Results
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argued in the mid-1990s that planting flexibility did not really provide them much benefit since they had more limited alternatives and were already planting the best crop-wheat. However, this may have changed somewhat as more soybeans are now planted in that region, perhaps because new varieties of soybeans have provided more cropping options.
Decomposing the overall inequality into dispersion between farms within-state and across-states (between states) for a given region, one can derive additional insight.
5 Variations between states tend to reflect macroeconomic factors such as changes in farm structure (i.e., farm size, farm type). Variations within-state reflect microeco-nomic conditions (such as farmland prices), which tend to be correlated among states in a region. Since farmland comprises about 80 percent of farm household wealth, changes in farm wealth are largely driven by changes in farmland supply and demand. Therefore, changes in the betweenand within-state distribution of farm wealth suggest the extent to which farmland markets are becoming increasingly integrated across farms in the states and across states.
Changes in Inequality Within State
Overall, the inequality between farms within a state accounted for nearly 97 percent of the reduction in the total inequality in farm wealth between 1996 and 2004. The within-state inequality of farm wealth or equity ( I in Equation 12) for each of the ten Economic Research Service (ERS) regions is presented in Table 2 . There is a consistent pattern that emerges from this table; for example, within-state inequality in all regions has declined over the period 1996-2004, but the rate of decline varies with a region. In general, a reduction in farmland values and crop and livestock inventories inequality were the reasons behind the decline in the inequality in farm wealth among farms located in various regions. However, during the 1996-2000 period, within-farm inequality increased in the Corn Belt (3 percent) and Mountain (about 7 percent) regions. This is partly due to the rising inequality in real estate assets (or farmland values) of about 2 percent (Table 3) , and increased levels of inequality in crop and livestock inventories (3 percent) (Table 4) within farms in the Corn Belt region. However, rising inequality in crop and livestock inventories (about 12 percent) outpaced inequality in farmland values (3 percent), and rising farmland values were a reason for increased farm wealth inequality within farms located in the Mountain regions (Tables 3 and 4) . Table 2 also presents the inequality in farm wealth of farms located in the Northeast, Mountain, and Pacific regions. Farms in the Northeast and Appalachia regions tend to be small and agriculture labor-intensive. Beginning in 1997, the inequality in farmland values and inventories of crop and livestock has been increasing among farms in the Northeast (Tables 3 and 4) . This rise could be partly due to the growth in farmland values driven by urban pressure (Livanis et al. 2006) and to global trade (Blandford 1999) . This growth in farmland values provides unrealized capital gains, thereby enhancing farm wealth. In addition, increased off-farm income from suburban employment opportunities may have also contributed to the growth in farm equity. However, in recent years within-state inequality in farmland values and crop and livestock inventories has decreased, leading to an overall decline in inequality in wealth among farms located in the Northeast region.
The Pacific and Mountain regions show a very similar pattern over time. The inequality in farm wealth within farms located in the Mountain region increased from 6.541 in 1996 to 7.160 in 2000, an approximately 9 percent increase over the period 1996-2000. This was due to rising inequality in farmland values and crop and livestock inventories. For example, during this period farms in the region observed a 3 percent rise in inequality in real estate assets (mainly farmland) coupled with a 12 percent rise in inequality in non real estate assets, such as crop and livestock inventories. However, during the 2000-2004 period, inequality in non real estate assets decreased by approximately 12 percent (Table 4) , more than compensating for the rise in farmland values, less than 1 percent (Table 3) . Farms located in the Pacific region (California, Oregon, and Washington) saw their share of equity rise because of increased foreign and domestic demand for grains, fruits, and vegetables. Within-farm wealth inequality in the Pacific region decreased by almost 17 percent, from 7.05 in 2000 to 5.826 in 2004. This is due to rising equality in farmland values and crop and livestock inventories. Table 3 shows that inequality in farmland values decreased by approximately 16 percent over the period 2000-2004, whereas inequality in crop and livestock inventories decreased by about 18 percent (Table 4) . One plausible explanation is that farms in this region produce fruits and vegetables and high value crops, which have domestic as well as foreign markets, and also that the region's agricultural sector is expanding, such as in dairy farming and value-added through dairy farming. Another possible explanation for a 16 percent decrease in the within-state Theil entropy measure (2000) (2001) (2002) (2003) (2004) in the Pacific states may be the influence of urbanization and other non-farm factors affecting the demand for and price of farmland in the Pacific states.
Changes in Inequality Between Farms Across State
The inequality in farm wealth across states (I R ) in a given region accounted for 1 percent or less in the total inequality between 1996 and 2004. During this period, agriculture in the United States went through significant structural changes. The average size of farms increased through consolidation. These changes were partly due to a more open and global economy, greater capital and labor mobility, and the deregulation of capital markets. The expansion/consolidation of agriculture resulted in a more even distribution of wealth across the regions relative to the number of farms in each state. Table 2 shows that during the 1996-2000 period, between-farm inequality across states increased for Mountain states, Lakes states, and the Delta region. On the other hand, during the 2000-2004 period, between-farm inequality across states increased for the Appalachian and Delta regions. However, in absolute terms these changes are very small and have a low impact on the total inequality in farm wealth (Table 2 ). This suggests that since 1996 the regions have been becoming more similar, and/or that macroeconomic and structural differences in agriculture have declined.
Since 1994 the distribution of farm assets (a major component of farm wealth) became more uniformly distributed between regions. This is consistent with a regime shift from 1996 to the present. Under the FAIR Act, farmers were able to make more market-oriented planting and cropping decisions. As a result, short-run assets (inventories, purchased inputs, and other farm financial assets) and real estate (long-term) were reallocated across crop portfolios, and net returns and farm wealth became more uniformly distributed across regions [Blank, Erickson, and Moss 2005 (p. 222) , Blank et al. 2004 Blank et al. (pp. 1302 Blank et al. -1304 ]. Also, the Food Security and Rural Investment Act of 2002 (or 2002 Farm Bill) builds on previous policy and institutionalizes an improved safety net for farmers through a new countercyclical income stabilization program. The FSRI Act continues the series of fundamental changes in commodity and other agricultural policies designed to move the sector toward more market-oriented decisions. Program changes for dry peas, lentils, dairy, and peanuts suggest increases in production of these commodities. Additional market effects may result from countercyclical payments, direct payments, and provisions of the 2002 Farm Act that permit the updating of base acreage and payments yields. These payments may provide indirect incentives that influence production decisions and overall agricultural output.
Summary and Conclusions
This study analyzes the change in the distribution of farm wealth in farms within state and between states for a given region, using Theil's measure of inequality. It uses farm-level data from the USDA's Agricultural Resource Management Survey (ARMS) for the years 1996, 2000, and 2004. Theil's measure is used in this study because of its consistency and the desirable properties it has compared to other measures of inequality, Gini coefficients, or the coefficient of variation. Most of these desirable properties result from the decomposability of the Theil measure. Specifically, the aggregate Theil measure can be decomposed into regional inequality measures that obey the Pigou-Dalton transfer, symmetry, and homogeneity principles required of inequality measures. This decomposition allows for analysis of inequality across and within regions. This allows for the comparison of macroeconomic factors affecting the inequality across regions with microeconomic factors that typically affect the inequality within each region.
In general the results indicate that the distribution of farm wealth has changed significantly from 1996 through 2004. The highest level of total farm-level inequality (8.146) was observed in 1996 for farms located in Texas and Oklahoma in the Southern Plains region of the United States, followed by farms located in the Northern Plains, Appalachian, and Delta regions. This study shows that total inequality among farms in various states has decreased over the 1996-2004 period. However, during the same period, total inequality increased for farms located in the Corn Belt and Mountain regions of the United States. This is mainly due to a rise in the inequality in farmland values in these regions (2 and 3 percent, respectively). Further, results also show that withinfarm inequality, ranging from approximately 95 to 99 percent, contributed more to the total ine-quality. Under the 1996 FAIR Act, farmers were freer to make more market-oriented planting and cropping decisions. As a result, short-run assets (inventories, purchased inputs, and other farm financial assets) and real estate (long-term) assets were reallocated across crop portfolios. Consequently, net returns and farm wealth became more uniformly distributed within farms in a state and across states. Additionally, the 2002 Farm Act may also provide incentives to expand production in nontraditional commodities, such as dry peas and lentils, and to increase profitability and farm wealth.
